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Determination of casein phosphopeptides in infant formulate milk powder
by high performance liquid chromatography

GE Cheng", ZHANG Hao", HUANG Yuan, ZHOU Jun’, YI Can

[Ausnutria dairy (China) Co., Ltd, Changsha 410200, China]

ABSTRACT: Objective To establish a method for the determination of casein phosphopeptide in infant milk
powder by high performance liquid chromatography. Methods The raw material of casein phosphopeptide used in
the corresponding production batch of infant formula milk powder was determined. After the accurate content was
obtained, it was used as the reference material. The purification and extraction conditions in the infant formula milk
powder samples pretreatment were optimized, and the quantitative analysis was performed by diode array detector
(DAD). Results A good separation effect can be obtained by using mixed cation exchange (MCX) solid phase
extraction column and ZORBAX Eclipse AAA column. Casein phosphopeptide had a good linear relationship in the
range of 100-500 ug/mL, and the correlation coefficient 7 was 0.9994. The limit of detection was 0.140 mg/100 g,
the recoveries of standard addition were 81.06%—-87.78%, and the relative standard deviation was 3.64%. Conclusion
The method is simple, reproducible and accurate, and can satisfy the determination of casein phosphopeptide in infant
formula milk powder.
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YE R B4 )L R B YRR Z — B4l LB 7 ZLM 4%
ZEEKEM, TR ILE IR B ItE E A
TG, A S FR G R M SR L 3
H TR B2 K (casein phosphopeptid, CPP)BE S ¢ 1 22
HLX LT IR BRI, S — R AR AT 9 £ 2F W 5 i)
BIRYI

CPP 2 A I — il B G 8 KRR s B 1 L 24
YrE ARG Z Rk, HAEYTEED, B nT &Rl
-Pse-Pse-Pse-Glu-Glu-(Pse: B R 22 & R 7% 3L, Glu: & &
BR)PL TN S IR T, CPP G Bk, BEL RS
BEEAVER, LIRS 1L X 055 4 08 S R UITE, 12k
Jo e FL R SR S Ae SR 4 JLIC T Wk TR s Jin CPP, B
AT B B A LT P B R, (RFHA KRR . HASE
E RO CPP VENThREMEA A A B & 5, FRIE dotg FAE
R B i Ak 5 1 3R 40y L sy o 1

XHF CPP ARG, HETAI A mkk!> P ik
ULEEEE | AR kY RO (- A R
TR0 SR R RORAR AN CPP A 4 A bl |
or I JRV IR A | AR R SRR L, SR SR SO (A
fief /> o5 FH T A 2K TBORE X R VR A T A b B, T SR 4 LG
FUBNX ISR BT A 2%, FTREXT CPP HRFId A BEREFNE
FEXERZNR, (6] It 2 e A AR, 5 X B AR 732
H—E MW, AR R R & F 288 R LAY CPP
A RN EEROREY S A R 8 OB (i X B2 4l L
JIFLFEL Y CPP SR TINE, 383 R FH B Se 4t [
AHZE IO X RE i AT T AR B, /D TRER R R 245, TR
B CPP FRAEVEAT 75 RATAYAY B B S R, Befs i 2 H %
R B 53K, oA A SCARAE R e SR — B I S5

1 MR5ERE

1.1 (¢, MRS IRF

Agilent1260 B &SRR AR G 43 BT X [BE 2 — A B RES)
¥l % (diode array detector, DAD), 3% E 2 HHASIU R AR
23], ME204E #4347 KA . FE28-Standard % pH 3 (Hi+
METTLER TOLEDO /A l); 3K15 %% i 2 0 AL (F5 [
SIGMA /A 1]); SB-5200D BU A A5 I IRk 7w (7 MoBr 2 A PR 2

F]); MTN-2800D 7 WA (R HE B ARFE T #8 A BR 2N /] );

EOF0-945616 7! i i 1R & #% (35 E TALBOYS 724 H]);
HERATHER OGHI100 ZYHi#1E: X T 246 (35 E THERMO
FISHER LA A]) .

HE . B, ZRR(Eiga, SE CNW A, =
i = omALgsl, RERHERUATR]); 2K, K EE,
TOKEEAI, R . SRR PT A, E 2 REAEI

X

AR D 0.45 pm K RIEMBE(EELIEA ), 3 mL iR
T4 PH B 3 4% (mixed cation exchange, MCX) & AH A& BUH:
fHE CNW 24H]); L= F/KCh Milli-Q #B4liK;

ST BB LB )y 7Lk, XL CPP R}
1.2 XWHE
1.2.1 R Bs

THLBRIFERAS g/L): FRELT.S g ZE LR, IKER
F| 500 mL; 2K B BV IR (5%): WERREL 5 mL Z(/K Al
95 mL HEE, F/0R5); SALBUAM(100 g/L): HERHFREL
11.73 g /KRG EAI, MKEMIFESE 100 mL; EhERYS
Wi BU18 mL MR MEIMA 100 mL /K SEASMIAR
(80 g/L): ERAFRINS g S 4 IbEN, MKIEMFIEESRE 100 mL.
1.2.2 CPP RAto#7

Z: M GB 31617—2014 { & b E 2 EFE il B
sRAL T mEE A BERR K ) UMY, REGARE 1.0 gCRE =
0.0001 g)F 14~ 50 mL B5.0% A, A 15 mL 7K fd H5¢
VSR FERRRVA R T ARA R pH=4.6, A5 ET®
FEE.OHLH, L4 °C, 5000 r/min (4938 B 2.0 30 min, B E
TR THSEAE 105 °)CHEM DS 14> 50 mL #.0% B i, [
SRR AN OR T I EVE WY pH=6.8, i il A WA T
20 mL DA, INASALBUER 1.5 mL, FMATOKCEER
50 mL, ¥&5)J5T 4 °CYKFEH A 12 h 5, L 5000 r/min 2
> 30 min, 3K FIFRARIIEY) o TIIEM FEAE 60 ~ 70 °CT
At 1 h, FSPEIREE 105 Ot =R E , KR Cpp
FRILUF R

w=-"1""  100% (1)
mx(1—ay)
KA, o MR CPP & i, %; m AHEEFELE B AL
VEVIIRRE, g my KBS0 B T, g5 m O CPP J5URHRR
FEfE g o FIAAEIG T BRI, %.
1.2.3  BL4h)URe 77 LA o0 AT &4 22

FREL 2 g BERL OS] 0.001 )T 100 mL Bebreh, F
20 mL 40~50 °CHBAKEEMF. A 10 min, A 15 g/L =&
TRV pH 2 4.5+0.1, #F 2 50 mL £+, H
KEZR, WRA), IRk,

MCX [ AHZE PR UH I 3 mL Ak 3 mL {1k,
BRI S mL 2l A, FEHIE (L 3~4 s M), FHKIK
FHZK 3 mL FTH P 3 mL ke, P9 5% 20K HEEASR 6 mL
VEME, WCAEBERLME, F 50 cCRAMKT . K 1 mL R
i, HEIRA], 0.45 um /K AIFLIE BT 8

FRIBUIE 2 O 0 23 12 9 1 2 1 R AR SRR T 100 mL 4%
#Hr, 20 mL 40~50 °CHEZKEAE, M5 10 min, H
15 g/L = LRV IFR pH & 4.5+0.1, ERFHKER I
FEAT 50 mL 21T, WS, SRS E YRS
27 10 mg/mL. 43500 E 0.10, 0.15. 0.20, 0.30, 0.40,
0.50 mL BHEYFEME &K T 10 mL )i, AKEREZE

o> =
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ZIEE, 1350 E AR KA ST MR BE S 100, 200, 300,
400, 500 pg/mL Y RGIbRAE TR RSN P ERE A
AR R IR A0 5 e, v il 2 e 2 R 24 R o

FIAFFER 5 2 HAR U ARV T — e o 25 A e ik
ARG
1.2.4 ZOERA EEEMt

{4,754 ZORBAX Eclipse AAA #1(4.6 mmx150 mm,
5 pm); FEIR: 25 °C; A K 280 nm; JEE: 0.8 mL/min;
HEREEE: 20 UL, WA A N 0.1%ZBR 2, B N 0.1% 2R
IRV 6 BE VR B 55428 0~30 min P, A M H 5% b T+ % 45%,
B A H1 95% T B#&ZE 55%; 30.1~31 min N, A A1 45% F & E
5%, B M 55% ETFE 95%, {#4F 5 min J55 1k,

2 HRE5HR

21 ERGBCPPEENELER
K 1.3.1 Jy st B AL iR ) RORk -4 T 2 2, Pt

RIS AT R 1, LA 45 R 33.0% CRAZAt

UFRHE KRS, 152K EE RN 31.7%), AHXTFRiE
{l % (relative standard deviation) &y 1.26%, &% HLAHEN .

F1 BERF CPPEENTLHER

Table 1 Determination results of CPP content in raw materials
G5 FRFER/g CPP T R/%  FHME/%  ARXARER 22/%

1 1.0051 32.9

2 1.0045 334

3 1.0027 335

4 1.0023 333 33.0 1.26

5 1.0018 325

6 1.0015 32.8

7 1.0035 325

2.2 CPP &Lk E4FEIERYIERE

KA AR . BEPERRED . RAUBRUHE AR WGEAT
XF, ek CPPHREE, Al 1 /R AR B INHE] 13,68 min
Ak 2R B AT 1 R PR A S XA 0, TS IRE B TC 2%,
() e TR 0 TR R, LAt e 3 8 v, TR T i R A B
]2 13.68 min (%K CPP [RFIEIE
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Fig.1

The characteristic peak of CPP
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2.3 ZE4)LECH AL AT IR 5 AL

M TR LI U h & ZRE FROLR, Rt
YR, S HCRIYE A B CPP Y E & 3 B AR
RIGTPE, (R s 25 W AR G 0 AR AR 2, 40 Jl € 3 A i P
A, PRI 25 BR AR P R S 1) G B AP R o AR DESE A
MUURE R R . AR 7 AT TR .
231 b B IKA e9 ik

ABEFERE T EFRIE WS = L BRI WO [F] —
PEAT pH (BRI, FHXR A =R LR AL B 7 S
137 IAR Bl se 58, SERA RN 2 FiR, SRITERMRIE IR
Aib PR B0 45 R AR TR = SRRV WAL PR B 25 R,
KM =R LB WOT I BIAT 85.3%, ORI =2
PRV TS pH 45 Fofs 35T FLH .

F=2 HEB5=SZET pH AR
Table 2 Comparison of test results between HCI and
trichloroacetic acid for pH adjusting

PR RSB WIIRZE R R =R BRI IR 4
P /(mg/100 g) /(mg/100 g)

1 71.3 73.2
2 72.6 73.2
3 73.8 76.7

232 MR X ikiE
R T AR, SERR N 2 ROy KT T E L, (HEE

Wi W {6/ mAU
NO N N O
-

SRHUEARIL U, ()R MCX AT ZE B, i AR 5 0
1 2R B A A DSORGB AR SR A LR T RS
1k CPP HYHFAEIERH SR bk 2 Flvdedb )y sCRHRE A T
Gk, BEIGEIRAE 2 s, EESE IR AOR SO XA R
Trdedmab B8, M S SURRIE I i Vg T AL A, RIS 8877
AR ZF T B RS, TSR MCX [ AHZE U X 22 %)
JUBC 7 ZUB AR 7 AT B SR ks, i R B (3 XA
WEATH AT AL ER, Ve da IS 7T D 3 1] Hh BRI UG 1 e 1 L
TR, (AR /b, ZR g B A i, BRtR F MCX
AHZAE IR 1 B 6% 3 3 U8R
24 ZEH)LEFIAMEREIEEHMIL
24.1 @EifAEeyikiE

APFRESET 2 FE RS HEST B A 1
ZORBAX Eclipse AAA (4.6 mmx150 mm, 5 pm), Ai%F:
2: YMC-Pack ODS-AQ(4.6 mmx250 mm, 5.0 um), S5 45 5
Wil 3~4, A ZORBAX Eclipse AAA k% CPP A R IF- 1y
SrERCR, HUFRF M A R, REASTH B SEIT R .
242 FEhtaeyikdE

ABFRIE T 2 P ST AT B3 . T shA
FE L T 0I%LRNCIE ST 0. 1%L BRIK; Tl
22 % 0.08% JHLMRMZNE S 0.08% =T IRIK
SEEGEEIRAE 5 Fin. SRERNTRMRAITE 1 GEigEXT
R RAFI B8R, Mg 2 WA B8ER AL &
1. FILRBFE 1: & 0.1%2ZBHZIES 5 0.1%2 B
K, RetEi R LT K .

i W R /mA U
NO N N0 O

i} 8] /min

TE: A R TUEAGE U, B R MCX [E AR A HRAE A .
2 2 P e ke

Fig.2 Chromatographic results of 2 purification methods
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BAE O fAERD

200 pg/mL 300 pg/mL

ez

4 CPP 7 2 Fi A I e i 08 A AR LL 8 (n=3)
Fig.4 Comparison of CPP peak areas determined by 2
chromatographic columns (n=3)

243 AshtaeyikdE

ARFFBEH T 2 Ff SRR T 07 L . T sl
FHE L T 0I%LRNCIE ST 0.1%LBRI/K; mahtl
22 5 0.08% = H LRI LNE ST 0.08% = LR IIIK
SEEGEEIRAE 5 Fin. SRERNTRIMRAITE 1 GEigEXT
R RAFI A B8R, Mirde 2 WA B 8eR Ay 4
1o MIRAFE 11 & 01% LB SE 0.1%2 RN
K, RetEi R LT R .
25 FHAERNZM. EEM. EEMR. MirEKER

251 HHE4ER
KA T %R, X RIbRE TR R T B iE a0,

VI TE B R AR b, W B A AR AR s A it 2, 100~
500 pg/mL 15 N 2P o6 3R AT 56 R 8K 7=0.9994 3 i
XFas AR IEAT 11 WKL, A5 B0 N e e, R IR
GB/T 274172017 {58 IFE 2= 00 ik N FI e
50 ) P et H BR e B BR A T3 3K xop=3Syx/b, 13
KBRS 0.140 mg/100 g, EREBRA 0.421 mg/100 g, %)y
AT R R A
252 EHMAAdeirE kR

PR AT CPP (B4l LEC )y Fk, Rk
Ty X HAT 7 UCEATINE, FriS B A R anNER 3, HXT
FrifE(mZE (relative standard deviation, RSD) W 3.64%, %
BERAT

BT R U CPP 4L T Lk, RAik
D5 FXF AT mAR I, FrAR AR R 4, FICR N
81.06%~87.78%(RSD < 2.72%), Ui FiEE & M R 4F, [l
WeE R g o THEMAR S, X Il R R AT B AT
BB EHER 95%, AHEEN 8, 15 T=18.89> Ty s, %Mi%
IR B I
2.6 SEPRHEMRINE

PEHR 3 FOR[E & CPP AYER4h LB LK AL B, C
A1 FpARESIN CPP BN LB 7L D, X HEEA I E,
MESS R TR S, ZITEReS L 24 LB 3L b
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Fig.5 Comparison of chromatographic peak areas of CPP determined by two mobile phase schemes

R3I FEREE
Table 3 Precision of the method

#=5 3MAREHSET CPP EENELER
Table 5 The CPP content determination results of 3 different

1
BB FREERE  CPP A itAmg/l00g)  HIXHERHEGIE/% e
RE L 2 PRFRIE ATy PRI 2
1 2.0094 74.7 /(mg/100 g) /(mg/100 g)
Bey LT SR A 62 76.8
2w 70 B9 LRI TR B 62 72.1
3 2.0140 70.2 e LB 56 C 62 78.5
B4 LB LR D Jc Akt
4 2.0218 72.8 3.64
5 2.0095 72.0 N
3 FBR5HL
6 2.0166 70.1
AT RS TS B YLy #k e CPP S =EET
7o 2o 702 I 2% PR AL 26 P, S 2o b B R P O R
HBL 2% B i et AT Ok, e sk =& 2B H 7Y pH. i
Ay y M P Al 2 s (T\
4 mEENSEEE Mcx [ﬁ]fﬁ&ﬁx#ﬂ:j@f{cﬁ{mﬁfﬂgﬁ xﬁ(j&iﬁ%ﬁ lf]j?fiﬁ CPP "
Table 4 Standard recovery experiment data TR I S B AR A i Sh RS T 1 45 LA,
Wbikkimg  FIWCRRYG FRERCRYG RERED RSDve oA ZORBAX Eclipse AAA @IREL . 0.1% L MAGZ,
ens e 658 0.1% L BRIKAVE N TR S AR AT B VR, RE IS BTG
' ’ FROEDE AT 40 B OR, s 1 I e A4 LIS 7 Sk
1.685 87.78 272 o CPP & = 1 RO (AT 1 o O TR A A S RO A i
1.685 86.05 HMEZM T CPP By /R, BPFE A5 224 LI I 4k
3.371 81.41 Xt ALY CPP ORI A Z A 22 W R P4 (Hi% )5 3k HL
3371 81,06 3.4 220 0.49 2 AP A AR, K BRAK, RS 2 X B 4L
Be 5 FLR Y CPP 2 H H AR
3.371 81.85
5.056 82.71 S5
5.056 83.82 0.67 (11 R RYJLFR B VS BB AAR—H? [N]. P EbER,
2020-07-02(005).
5.056 83.20

FANG YG. For infant milk powder, what's the difference between formula
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